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I. ABSTRACT
v /5,87

One hundred and three additional VO-6 HS cells have been delive
ered to NASA in this reporting period, Wow specifications have been pub-
lished to improve the quality of the welded VO-6 HS case. Dies are being
made to deep draw cases and covers for these cells.

Mean thermal conductivities have been determined for the VO-6 HS
cell at various charge rates in an 3(PFambient. The method of determination
is shown along with ssmple calculations.

Thermal data obtained is applied to predict the behavior of other
size cells of similar comstruction.

A preliminary design for a 50 AH cell is presented slong with com-
ments on the comcept of a composite terminal for large hermetically sealed

ek

cells.



deep drawm VO-6 HS cases and covers are expected about the middle of March.
1If the cases obtained live up to our expectations, we should have very nearly
attained the ultimate in closures for prismatic type hermetically sealed

cells,



II. FAZRICATION OF VO-6_HS CELLS

Since the last report, a total of 103 type VO-6 HS cells have been
delivered to NASA, Table I summarizes the sevial numbers of these cells as
well as the test data obtained in the cell check-out procedure prior to ship-~
ment .,

The cells shipped to date have all been assembled with fabricated
cases. Considerable effort has been expended to improve the quality of the
fabricated case. The necessary technique for making satisfactory case welds
was developed in the pilot plant while we were solving the problems involved
in closing the cells. Engineering tesms from Gulton have visited our sup-
pliers of welded cases to discuss and demonstrate the techniques of fabrica-
tion. Gulton specification 5714 (Figure 1) has been prepared and circulated
to interzsted parties to provide the criteria upon vhich cases will be
accepted for use in hermetically sealed cells.

The welded cases, even those meeting the naw specifications, have
always presented problems in sealed csll applications. In a space enviromment,
the problem of the removal of heat from the cell becomes significant in a
battery configuration, so the major surfaces of the cell mnst maintain &8 good
contact with whatever heat sinking means is used. This nmeans that cell dimen-
sions must be held closely, and the surface must be zs flat as possibie to
give the desired contact.

The solution to the problems cof the welded case appears to be the
deep drawn case. The requirements for such a cese vare carefully considered,
then & number of deep draw specialists were corntacted to determine if a case
couid be made to the necesgsary stapdards. After much consideration, = vendor

was selected to produce 2 pilot run of cases and m2tching covers. The first



TABELE X

TEST HISTORY OF ¥0-6 HS CELLS
DELIVERED TO RASA STNCE IAST REPORTING

CELL OVERCHARGE CAPACITY * SHORT TEST
SERIAL NO., RATE VOLTAGE __ PRESS. 3 AMP TO 1 VOLT CYCLES OCY_AFTER 24 HRS,
515 .6 Amp. 1.45 40 6.60 AH 10 1.20
516 1.45 45 6.40

519 1.50 25 6.90

520 1.50 20 6.80

523 1.44 47 6.60

524 1.44 48 6.15 1.20
527 1.48 50 6.30 1.22
529 1.42 50 6.05 1.20
531 1.564 45 6.00 1.21
533 1.48 36 6.20 1.21
538 1.50 45 6.20 1.20
539 1.48 25 6.15 1.22
545 1.44 20 6.70 1.20
550 1.44 31 6.20 1.20
551 1.46 21 6.20 1.20
553 1.42 26 6.00 1.21
556 1.42 21 6.40 1.20
560 1.46 34 6.05 1.22
563 1.44 26 6.05 1.22
564 1.44 32 6.05 1.20
567 1.42 31 6.80 1.22
569 1.40 25 6.25 1.20
570 1.40 30 7.25 1.21
572 1.42 31 6.45 1.22
574 1.40 48 6.30 - 1.21
575 1.40 25 6.30 1.20
577 1.40 i2 7.60 1.22
578 1.42 24 6.70 1.21
579 1.42 19 7.20 1.20
582 1.42 20 6.76 1.20
583 1.40 i1 6.80 1.20
584 1.40 7 7.60 1.21
585 1.40 43 6.40 1.19
586 1.40 20 7.35 1.20
587 1.40 30 6.35 1.20
588 1.42 12 7.55 1.21
589 1.40 26 6.50 1.19
390 1.40 20 6.25 1.20
595 1.40 i6 6.15 1.20
5%6 1.40 26 6.55 1.20
597 1.40 i7 7.05 1.22
602 1.42 20 6.45

604 1.41 10 6.40

607 1.42 12 7.10

610 1.41 19 6 .40

611 1.43 22 6.90

615 1.40 14 6.%5

617 1.461 i2 6.80 1.22
619 1.43 16 7.45 1.21



TABLE I ~ Cont'd.

TEST HISTORY OF VO-6 HS CELLS
DELIVERED TO FASA SINCE LAST REPORTING

CELL OVERCHARCE CAPACITY * SHORT TEST
SHRJAL §O. RATE VOLTAGE PRESS, 3 AMP TO 1 VOLT _ CYCLES  OCV AFTER 24 HRS.
620 1.42 13 7.00 1.22
623 1.42 9 6.50 1.22
624 1.40 32 6.15 1.20
627 1.41 14 6.50 1.22
628 .6 Amp  1.40 11 8.30 10 1.22
631 .6 Awp  1.40 10 7.35 10 1.21
632 1.40 16 6.70 1.22
644 1.42 18 7.00 A
645 1.40 13 6.45

647 1.40 18 6.75

648 1.40 14 6.70

653 1.41 15 6.70

654 1.41 18 6.70

656 1.42 22 6.65

657 1.42 8 6.75

660 1.42 8 7.05 Y
661 1.41 20 7.10 1.22
662 1.41 25 7.10 1.21
719 1.40 19 6.10 1.20
765 1.40 15 6.50 1.22
770 1.40 21 6.35

778 1.40 10 6.40

779 1.40 10 6.30

780 1.40 10 6.35

783 1.42 21 6.55 1.22
798 1.42 26 6.50 1.20
801 1.42 19 . 6.50

804 1.42 51 6.50

810 1.42 19 6.50 1.20
812 1.40 34 6.35 1.21
813 1.42 24 6.95 1.21
814 1.41 16 6.95 1.21
815 1.40 40 6.95 1.22
816 1.40 25 6.95

819 1.40 3 6.45

820 1.40 19 6.80

822 1.40 29 6.50

825 1.40 23 6.80 1.22
826 1.40 45 6.60 1.21
827 1.40 16 6.90 1.22
829 1.40 22 6.90 1.22
830 1.40 26 6.65 1.22
884 1.40 14 7.00 1.24
885 1.40 2 6.20 1.24
886 1.41 24 6.20 1.26
887 1.42 20 6.95 1.26
888 1.41 9 6.80 1.24
8€9 1.43 24 6.55 1.25
830 1.41 10 6.35 1.24

831 1.41 i2 6.35 1.25



TARLE I -~ Cont’d.

TEST HISTORY OF Y0-6 HS CELLS
DELIVERED TO RASA SINCE LAST REPORTING

CELL OVERCHARGE CAPACITY * SHORT TEST
SERJAL NO. RATZ _ VOLTAGE  PRESS. 3 AMP TO 1 VOLT CYCLES __ OCV_AFTER 24 HRS.

892 1.41 12 6.35 1.26
893 1.40 21 6.20 A
894 1.42 10 6.80 v
895 .6 Amp 1.41 5 6.65 10 1.26

* Cycle consists of 90 mimute charge @ 1.5 Amp.

30 mimute discharge @ 3.0 Amp,




III. TEERMAL ANALYSIS

A. VO-6 HS
Test Objective
The primary objective of the test was to determine & mean thermal
conductivity of a VO-6 HS cell as a functicn of charge, overcharge,
and discharge curreat in an ambient envirocment of 80°F. For test

setup (See Figure 2.)

Test Procedure
Two cells were comstructed with thermocouples pleced internally in
the cell, as well as welded to twenty-four points om the skin of
the cell. (See Figure 3.} The cells were piaced into an ambient en-
virooment of 80°F and charged at .25, .50, .75, 1.0, and 2.0 emperes
‘ until 115% of capacity was put into the cell. The cells were then
overcharged at .25, .50, .75, 1.0, and 2.0 amperes until the ioter-
nal temperature remained comstant. Once ccnstant temperature was
teached, the cells were discharged at .25, .50, .75, 1.0, and 2.0
amperes until the intermal cell tempersture remained comstant. Dur-
ing tbe charge, overcharge, and discharge &t constant current, in<
ternal cemperature, skin temperatures, and cell electrical charac-

teristics were continucusly monitoraed.

Avalysis of Data

It wvas noted from the data that as the overcharge rate imncreased
from .25 amperes to 2.0 amperes, the interral temperature changed
from 86°F to 89°F, while the mear skin temjerature remained in the
range of 82°7 - 83°P. (See Table II.) The thermal conductivity
of the cell incressed &s the overcharge current Iacreased beczuse

the amount of heat generated by the cell increased st 2 greater
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rate then the thermal gradient. This is evident from the derived

equation in Repo:t #3 where
| a_x?
K = 2 (Tinc = Tskin)

in which BIU
K = Thermal Conductivity HR FT F

:1 = Internal Heat CGeneration % m

(Tint = Tskin) = Thermal Gradient op
12
‘—2— = Congtant rrz

It can be seen from this, that the thermal coﬁductivity is not a
constant, but it ie a function of overcharge rate. From other
studies carried on at Gulton, but noz connected with this contract,
it has been found that thermasl conductivity is also a function of

ambient temperature.

In (Figure 4) there is a plot of thermal ccnductivity versus over-
charge current at an ambient temperature of 80°F. It is presumed
that this curve will move downward as the embient temperature is

increased, and upward as the sembient temperature is decreased, re-~
sulting therefore, in a family of curves fcr thermal conductivity.

This presumption will be further investigated.

The important significence of these curves {s that once knowing
the overcharge current and the ambient temperature, one will be
able to determine the thermal conductivity and predict the thermal

gradient in the cell.

Sample Calculations: Using the equations cevived in Report #3.
9,12
1. K = "2Z{Tyne = Tekin)

&




o

L34

K

I
Cell Volume

v



‘ Analysis for .25 ampere overcharge rate
, VIEK - (1.5) (.25) (5.69.10"2) (60
q = Cell Vol. {3.44) (2.99) (.£12

Ey .
219 HR in,

F-%Y
[

L, = .406 inches L2 = 6.06
Ly = 1.05 inches 11,2 =
L, = 1.72 inches /Lt = .338
P —y
1 -
[ ] ’, 6.“
9 = L, 1 N i q = 6,06 + .91 + .338 .219
o =t v i =S E
9, = .1815  BIO/ER in.>
By similar calculetion
Q, = .0272 BT/ in.’
@ = .0103 BIU/HR in.>
° . R 2
Gy @) L8 caon®
K. = z (Tint‘:'fskin = i ; J)
S, kK = [&.98 x 10“3] BU/R-in °F
‘ This procedure was followed for sralyzing the .50, .75, 1.0, and 2.0 ampere

overcharge rate. The results are tabulated bolow snd plotted in Figure 4.



TABULATED RESDLTS

OVERCHARGE RATE {AMPERES) THERMAL CONLUCTIVITY (BTU/ER in°F)
.250 4.38 x 1073
.500 » 5.99 x 1072
.750 7.51 x 1073
1.00 10.0 x 1073
2.00 19.1 x 103

FUTURE ANALYSIS:

In the preceeding analysis it was assumed :hat a mean therm2i con-
:ductf.vity existed. Tests will be run to determine the variability of the
thermal ceonductivity in the three mutually perpendicualar directions of the
cell.

Tests will be run to verify the presumptio: of tha shifting of
the curve of thermal conductivity versus overcharged rate for differeant

ambient conditions.

B. LARGE CELLS ¥0-20 HS, ¥0-40 HS & VO-50 HS.

Objective
The primary objective of the analytical an:ilysis was to predict

the thermsl gradient in 2 V040 ES, and VO-50 HS cell.

Procedure
Using thermal data sccumnlated for the VO-% BS and V0-20 HS cells,
as well as employing the assumptions that the thermsl coanductivity

of e zello nus a2t - terminel voltages will be equal for



Overcharge Rate
all the cells &t Che same Capacity , one will be able to

use the esquaticns derived im Report #3 to sredict the thermal

gradient.

Analysis of Data

Looking at the tabulation of results (Tabl: III) and the curve
Cvarcharge Rate

of thermal gradient versus Capacity (Figure 5) one can

aee that the rate of increase of the therrm::l gradieat for a V0-50 BS

{8 much greater than that of a %YT~-40C BS ani a V0-20 BS. This can

Overcharge Rate

he attributed to the fact that at the same Capacity for ail

the cells, the larger capscity cells will b: producing more heat.

Since the heat produced by the larger cell: must traverse a greater

path, the geometry of the larger capacity -ells baing larger than

the smaller capacity cells, it also produccs an iacrease in the

thermal gradient.

Future Analysis
An investigation will be made on the VO=50 HS celils to see how the

thexrmal gradient may pessibly be reduced.



Cy° %S 8%0° $€T° £56° nnu-ﬁ\ TE° 6L 0i%°Y .
78° 9% SIH0° ¢661° %18° 6s0°1 51°0¢ S9%°1 9
11°6€ €He0° €991° 089° 188° gt1° ¢z £9%°Y g
GG i¢ LTG° Tev’ 028’ g86%° T6°6% os%°% 7
ge 1 1920~ 6960° 16€° r4 4N 19° % (1A A ¢ £
8e°Hy LZ10° €190° oSz V740 97°6 06t [4
nﬂ,ﬂ . X -
do HH/N14 .@ mMﬁ H/Q1d mﬁﬁ 9H /N1 mﬂﬁxﬁ\nknoAO> JINQ YH/N1E EIVITOA
PRBUBSME.  cy1q 2 UY b ¥iag £ xmu g Ydd ATLVIANTS "B QTLVIINED TYHRIIRL {SIAYY IHmevns
‘3uF 1)U SNVEL LVEH ©) sNvel ivar U7 “SNVL Ivam IVEH TVIOL IVEH TVIOL  QEIVWILSI AOUVHOUT
T-11I1 F'MWEVL

SH 0%-0A ¥Od S11NSdd CIIVINEVL



0%°09 Z90° y$Z® L6L° £60°1 00° 0% S9%°1 0°e
09°2¢ L£0° e $69° 56° 16°%€ 094"\ oL
S1°gH 90£0° Y061 ° 965" s’ 06°67 85y 1 ¢ o
€7 LE 520" ST £6y° 949" Lo vz 0sY° 1 0°¢
00" 62 6610° 7AN 68¢" €es® 16°61 82y°1 0°Y
A SWG 506 ac 858" ot it SHET A vt
256t %600° 1L50° 8Ly’ cvz* 96°8 07€° 1 0°7
" ANM“” T SR R mmw o x  10iSring Wt aaiy () carvems TNDGEL  (SaRV) NEu
temaeluy pyp b ¥1Q 2 Ui _cduveg gvan U3 SNVEL IVEH  -¥ENE) IVEH TVIOL IV3H "IViOl QIIVRLISE AIVAYHOWAAC

———y v o

‘111 314Vl

SH 06~-0A ¥0d SI1TNSHYE GALVINGVIL




9° 42 $9Y0° €101° Z16° SE0° T (A1} L9t Y
a1 1L10° 6520" 129" yLL 1°6t Coy° 1 €
17zt 110° 0s0° 677’ 01¢° 76°6 oyl g
29°¢ 900° €€z0° 602" gge” €9°Y sE°1 3
dp  ¢UT W/01M
(uras (3b) wraw  cur wa/0I4 ¢uT W/ 01l ¢S WH/018 D) /018 IIVLIOA
upow J- U SHVHL wmvw 1034Iq & (xb) wig x “T0A IINA W34 QALY (b) amLvyd TVNIKGEL  (SdWV) LNIHuno
38T 8) LVZH UF SNVEL IVEH U SNVEL LViH -¥INZD IVAH TVIOL  -NID IVEH VIOl  QELVWI1SZ HYIVHO A
.k\w.mv

€-I11 ATAVL

SH 0Z-0OA V WOA S1INS3¥ QALVINGVY



iV, DESICY OF & 50 AR TFRMETICLLLY
SZALED IITCKEL-~CAHIMYUM CEIL,

A. DETEEMINING “ACTORS IN CFLL DESIGH

As notcd in the s2ction orn therix l aralysis, therz are certain
restrictions on he comfiguretion to odralr gooed traisfer of hert from
within the cell. Ideelly, a cell would ccousist of taree platees so that
heat might be reiected thrcush a minimum il ickress of cell to thwe largest
poes _l:le rejecting area. Cbviously, this 3 not practical, as 't would im-
pose an extreme -eight pensliy due to thz ‘arger ceaz eree imve ved, sand the
structure requircd to retaia the larger foce againsi intermsl pressuras. A
compremise is then proposec vhich will give a xeas(rnible weight and ratio of
positive to nmegative active material which will provide ressorehlie internal
preesures.

Other =reas of psrticular imterest are the head space required for
terminals and pli:te commection to the termi.nals, and the terminal configura-
tion itself., Th:ge will effect the weighu the resistence of the call, and

the reliability £ the seai.

B. CELL DESIGN 'OR 50 All TAPACTITY

The pintes we have presently sziccted for this desige have sa ac-

tive area of 105 cm.z. Ar eiectrode stsecl: using 3% of these plites would

have a calculsted capacity of 55.4 Amperec licurs. “Lis calculatad caparcity

will provide for the necescary toleranca = ohtain 50 &H ip a2 jacticel cell.

The proposed design would heve tle nsgative element cof the elec-
trode grounded t the cell cise. This is cons for %o rearoms: Iirst, the
grounded usegative may be 1r “nitimate contact with ifa case so tzat heszt may
be better removed through ihc csse and thz negutive farminel; aad secnnd,
placing the case at the saze potential 25 .he regutive element 7ill cathod-

ically prctect the case from corrosive slyents wistin, =nd will thus ia-

s



aibit strses corresion of ithe ecase.

Using a 22 gauze (.0312") steinlr-ss steecl case, the estimated diren-
sions of the 5C A\H cell would be 1.7V thizll, 3.0 wicz, and at this time 7.4
high over the ci3e. The height of the cel is being studied with respect to
reducing rhe hesl-space within the cell r2 uircd fu1 the terminsls and the
plate tass.

Since :he cover of this cell is ‘uite wile, and rince the terminsls
woukd be vrequired to carxy larger currentsa. a method of inrerting e sealed,
¢omposit, temmizil by medns of & welded o mt '8 baing stucied. This will
pernit the use ol exiasting ciuipment for 3 nersting the ceramic-to-metal
seai by izeping he simes of the parts pleed ‘n the furnice within reason.

it 18 expected :tla: the use of :vrminals cesignec for solder com~
nection of intercell commectors will be co tinued. The derign will be al-
tered to provide for a more nositive sssemily of the intercell conmector with
the terminal. The usé of these termipmls -equires tkiil ard care in making
the Soi&éz jaintﬁ; Bﬁt it i3 8 Eattér éie:‘ricti Foriat thar é thraaded tern-
iﬁéi éouid ?xo%id;; It is éiso §rob§biy icgs subject Eb demage sincé thé

t&?e cf joinz woild tend v Jdiscourege th: umsiiillic: techal ¢ian who might te

tempted te t  with a tiroaded fitting., The valre of a ceil of this nature,
-} Ampe

and the reliability requiremcentas of its & licatien iz suck the:t only quali-
fied perscmmnel should be periiltted to imstall znd orerate it.

In the next reporiing period we «xpect to vesolve all the terminsl
problems go thet the ceil mav be completsl spueifi:zd and the fabricetion ¢f
prototypes begun. The firet prototypes ¢f thic ce’ll will te made in cases
febricated by we .ding wmewbers tegether. T.ey vill jacorpovate s3ll the devele
opmeants att8ined on this type of cage to dite,

. 3

The coucept of the composite Lz lagl wi! be intreduced en this

cell to reduce the size ~f the termimal s8ind apd corsequently the size of



iz,

ths cersuic imsvlator. 8iace lavger cevemis 4lsmelurs rzq.ire grester lenmy ths
of cersuic-to-metal seal which must be sad: vnler 1'verse jeouetviec condit:one,
th2 use oi aldiiioral. walc:d joints is ‘wva:ifind i1 obtain ng & veduction £
dianeter,

Th2 cinposit :exizizal s basical .y 2 terxumnal having o mecerial
which ie resistzat to potazssium hydroxide -uposed o the inside 5f the cell

while the fully covered curramt carryirs 1.er.al :'ud coa.d be 2 good cone
¥ : 23

duster of elactrical curvent: and need zo: he egizlant o the alectrolyte.
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FIGURE 3
VO-6HS  CELL
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